Objective: To report on the long-term follow-up of a randomized clinical trial comparing pancreatic head resection according to Beger and limited pancreatic head excision combined with longitudinal pancreatico-jejunostomy according to Frey for surgical treatment of chronic pancreatitis. Summary Background Data: Resection and drainage are the 2 basic surgical principles in surgical treatment of chronic pancreatitis. They are combined to various degrees by the classic duodenum preserving pancreatic head resection (Beger) and limited pancreatic head excision combined with longitudinal pancreatico-jejunostomy (Frey). These procedures have been evaluated in a randomized controlled trial by our group. Long-term follow up has not been reported so far. Methods: Seventy-four patients suffering from chronic pancreatitis were initially allocated to DPHR (n ϭ 38) or LE (n ϭ 36). This postoperative follow-up included the following parameters: mortality, quality of life (QL), pain (validated pain score), and exocrine and endocrine function. Results: Median follow-up was 104 months (72-144). Seven patients were not available for follow-up (Beger ϭ 4; Frey ϭ 3). There was no significant difference in late mortality (31% ͓8/26͔ versus 32% ͓8/25͔). No significant differences were found regarding QL (global QL 66.7 ͓0 -100͔ versus 58.35 ͓0 -100͔), pain score (11.25 ͓0 -75͔ versus 11.25 ͓0 -99.75͔), exocrine (88% versus 78%) or endocrine insufficiency (56% versus 60%). Conclusions: After almost 9 years' long-term follow-up, there was no difference regarding mortality, quality of life, pain, or exocrine or endocrine insufficiency within the 2 groups. The decision which procedure to choose should be based on the surgeon's experience.
P atients with chronic pancreatitis suffering from severe pain pose a therapeutic challenge. 1 Currently employed therapeutic options in conservative and operative treatment of chronic pancreatitis mainly address the symptoms and eventually evolving complications of the disease. Based on the hypotheses of pain origin in chronic pancreatitis-perineural inflammation 2 and ductal hypertension 3 -2 principles have been introduced to surgery for chronic pancreatitis: drainage and resection.
A variety of different procedures has been proposed emphasizing one or the other. 4 -6 Both options are combined in the principle of duodenum preserving pancreatic head resection. Various modifications of the original method, described by Beger et al, 7 have been suggested, 8 but only the modification proposed by Frey and Smith 9 received considerable attention.
Chronic pancreatitis with an inflammatory mass in the head of the pancreas has been considered the classic indication for a resective procedure (ie, partial pancreatoduodenectomy). 10 This mass will frequently generate complications of adjacent organs (eg, common bile duct stenosis and duodenal stenosis). 11 The sacrifice of otherwise-not-diseased organs (ie, duodenum, distal bile duct, and papilla) and occasionally distal stomach is the major disadvantage of this procedure.
Duodenum-preserving resection of the head of the pancreas also tackles the problem. This procedure includes subtotal resection of the pancreatic head, sparing the stomach, duodenum, and common bile duct while it reliably provides pain relief. As a possible alternative, a modification of the Partington-Rochelle procedure has been promoted by Frey and Smith. 9 It basically consists of a limited excision of the pancreatic head in combination with a longitudinal pancreaticojejunostomy (extended Partington-Rochelle procedure).
To compare both techniques of duodenum-preserving resection of the head of the pancreas, a prospective randomized study was devised, and the operative results, including a 30-month follow-up, have been published previously. 12 Long-term results after treatment of chronic pancreatitis will define, however, what procedure should be recommended to these patients since late mortality and morbidity is a significant factor in patients undergoing surgery for chronic pancreatitis. 13 The following study consequently focuses on the late follow-up (median, 104 months) of this randomized controlled trial with regard to morbidity, mortality, quality of life, and late outcome of pancreatic exocrine and endocrine function, as well as definitive control of organ complications arising from adjacent organs.
METHODS

Patients
The presented data are results of a long-term follow-up of a closed randomized trial. The design of the randomized trial, inclusion and exclusion criteria, as well as patient assessment, treatment assignment, technical aspects of the operative procedures, in-hospital morbidity, and mortality and early postoperative results (follow-up at 30 months), are reported elsewhere. 12 In essence, inclusion criteria were an inflammatory mass in the head of the pancreas (Ͼ35 mm in diameter), severe recurrent pain attacks (at least 1 per month requiring opiates), history of pain attacks for at least 1 year, or coexisting complications from adjacent organs (eg, common bile duct stenosis, duodenal stenosis). Disease-related exclusion criteria were chronic pancreatitis without involvement of the pancreatic head, pseudocysts without duct pathology, and portal vein thrombosis. Patient-related exclusion criteria were myocardial infarction within 6 months, detection of a malignant pancreatic tumor, and coexisting malignancy of other organs.
All patients were preoperatively seen by a panel of gastroenterologists and surgeons who decided on the indication for surgery. An inflammatory mass in the head of the pancreas was visualized in all patients.
Surgical intervention was indicated if endoscopic interventional therapy was not effective or not indicated. Patients were randomly allocated to undergo either Beger or Frey procedure. Of the originally 80 randomized patients, 6 were secondarily excluded after intraoperative finding of pancreatic carcinoma at frozen section.
The primary endpoints of the study were pain assessed by a recently published pain score (Table 1) 14 and improvement of quality of life. Quality of life was measured by the European Organisation for Research and Treatment of Can-cer's quality-of-life questionnaire 15 and an additional module of 20 specific items incorporating a disease-specific symptom scale, a treatment-strain scale, and an overall hope and confidence scale. This scoring system has previously been validated for patients with chronic pancreatitis. 14 Further criteria were definitive control of complications arising from adjacent organs, mortality and morbidity rates, exocrine and endocrine pancreatic function, and occupational rehabilitation. 16 The study population consisted of 74 patients (n ϭ 38 Beger, n ϭ 36 Frey). These patients were reassessed after a median of approximately 8.5 years postoperatively (range, 72-144 months) by investigators who were unaware of group allocation. Patients were contacted by mail to fill out the quality-of-life questionnaire and pain-score forms. In addition, patients were asked to report to our outpatient clinic to sample stool for the assessment of exocrine pancreatic function (fecal pancreatic elastase, normal value: Ͼ200 g/g feces). In all patients who were not on oral antidiabetic agents or insulin, an oral glucose tolerance test (OGTT) was performed and the results were classified as normal or diabetes mellitus according to the criteria set forth by the German Diabetes Society in 2002 17 (in accordance with WHO criteria of 1997). Diabetes mellitus was defined as blood glucose level of Ͼ200 mg/dL (11.1 mmol/L) 2 hours after OGTT.
Continuous alcohol consumption was defined as average daily consumption of Ͼ12 g alcohol. 18, 19 The family practitioner and the local administration were contacted for all patients that did not answer by mail to assess if the patient had died. Patients that were not retrieved by these methods were declared as "lost to follow-up."
Surgical Procedures
The procedures have been described elsewhere. 12 Basically, the Beger operation included subtotal resection of the pancreatic head following transection of the pancreas above the portal vein. The body of the pancreas was drained by an end-to-end or end-to-side pancreatojejunostomy using a Roux-en-Y loop. The same jejunal loop drained the resection cavity by a side-to-side anastomosis to the rim of the resection cavity of the pancreatic head and uncinate process.
Limited pancreatic head excision combined with longitudinal pancreaticojejunostomy (Frey procedure) refrained from pancreatic transection above the portal vein. For reconstruction, 1 longitudinal pancreatojejunostomy was employed, draining the resection cavity of the head, uncinate process, body, and tail of the pancreas. Identification of the intrapancreatic course of the distal bile duct was facilitated by insertion of a metal probe into the choledochal duct through a proximal choledochotomy. 20 In essence, the main difference between the 2 procedures was a much lesser extent of resection in the Frey procedure, leaving the uncinate process intact and refraining from transection above the portal vein, in contrast to Beger variant. SPSS 11 .0 (SPSS Inc., Chicago, IL) was used for statistical analysis. Quality-of-life scores (functional and symptom scales) and pain scores were evaluated using the Mann-Whitney U test, and all other data were compared using the 2 test. Statistical analysis was made on an intention-to-treat basis.
Statistical Analysis
RESULTS
Hospital course and early postoperative results (median follow-up, 30 months) are reported elsewhere 12
Follow-up and Mortality (Table 2)
Seven patients were lost to follow-up (Beger: 4; Frey: 3). Of the remaining 67 patients, 16 had died (Beger: 8; Frey: 8), leaving 51 patients (Beger: 26; Frey: 25) available for long-term follow-up. All patients entered the analysis.
The majority of patients died of chronic pancreatitisunrelated causes, 21, 22 although in 6 patients the reason remained unclear.
Pain and Quality of Life
All 51 patients filled out the respective questionnaires. In surviving patients, there was no difference between the 2 groups regarding quality of life and pain score (Tables 3, 4, 5) .
Comparing the quality-of-life and pain scores regarding the distribution of ranks using cross tables ( 2 test), there were no significant differences between the groups. 
Control of Complications From Adjacent Organs (Table 6)
In 3 patients (all in the Beger group), a reintervention was necessary. One patient suffered from distal common bile duct stenosis due to recurrent chronic pancreatitis in the pancreatic head remnant after 84 months. He underwent a redo resection of the pancreatic head and a reinsertion of the distal bile duct into the resection cavity. 23 The other 2 patient also suffered from recurrent chronic pancreatitis with enlargement of the pancreatic head remnant. One patient had additional pathology of the pancreatic duct in the tail. He underwent a Frey procedure 98 months postoperatively. The other patient underwent a pylorus-preserving partial pancreatoduodenectomy (PPPD) 74 months postoperatively because of a lesion which was highly suspicious of pancreatic carcinoma. The histopathology, however, only revealed recurrent severe chronic pancreatitis.
Exocrine and Endocrine Insufficiency (Tables 6 -8)
Three patients (Beger: 1; Frey: 2) refused to be seen in the outpatient clinic and did not send stool samples for Regarding pain score, there was no difference between patients with normal resp. abnormal exocrine or endocrine function (Tables 7, 8 ).
Occupational Rehabilitation (Table 6)
Twenty-six patients were professionally rehabilitated (Beger: 16/26; Frey: 11/25; n.s.). Of the nonprofessionally rehabilitated patients, 5 were unemployed (Beger: 4; Frey: 1; ns). The other patients were retired (Beger: 3; Frey: 6) (early retirement in all patients; before age 65 in males and 62 in females) or worked at home (household) voluntarily (Beger: 1; Frey: 2).
Continuous Alcohol Consumption (Tables 6, 9)
One patient refused to give information about his alcohol consumption (Beger); therefore, 50 patients were available for evaluation (Beger: 25; Frey: 25). Nine patients admitted continuous alcohol consumption (Beger: 4, Frey: 5; ns).
If the pain score is compared between alcohol consumers and non-alcohol consumers, no difference is found in subgroups, total score, or pain score ( Table 9 ). The same holds true for comparison between the 2 groups regarding functional and symptom scales (data not shown). There was no correlation between alcohol consumers and pain score ( Table 9 ). Alcohol consumption did not make a difference between exocrine and endocrine insufficiency or the necessity for a reintervention due to pancreas-related problems (alcohol consumer: 1; non-alcohol consumer: 1; the other patient refused to give information about his drinking habits).
DISCUSSION
Surgical therapy for patients with chronic pancreatitis has become an accepted treatment modality that is most effective in relieving pain. 24 In particular, resection of the head of the pancreas (pacemaker of the disease 25 ) that harbors ductal and/or parenchymal pathologies in 95% of patients with chronic pancreatitis 26 effectively relieves pain. Realizing this, the surgeon is faced with the decision to choose an optimal procedure for the patient. It should deliver pain control and quality of life while being safe and free of side effects. Prior to the introduction of the duodenumpreserving principle, 7 extensive resective procedures, like partial pancreatoduodenectomy, have been the operative standard when aiming at the pancreatic head. Later, this procedure was modified to always incorporate additional drainage of the main pancreatic duct and at the same time leave the pancreas intact on top of the mesentericoportal axis. 9 All these procedures provided adequate pain relief, controlled complications arising from adjacent organs, and identified pancreatic cancer during surgery that had been missed despite a broad diagnostic workup. [27] [28] [29] [30] To compare the efficacy of these procedures, 4 randomized trials have been initiated and early results have been reported. 12, 25, [31] [32] [33] In one study, partial pancreatoduodenectomy (Whipple procedure) was compared with duodenum-preserving resection of the head of the pancreas. 31 Pain and quality of life were assessed by descriptional, nonvalidated techniques. It was concluded that duodenum-preserving resection of the head of the pancreas provided quicker recuperation and better preservation of exocrine and endocrine pancreatic function while being equally effective in terms of pain control. In another study, better preservation of pancreatic function and superior pain control after duodenum-preserving resection of the head of the pancreas was found compared with PPPD after a very limited follow-up of 6 months. Quality of life was not assessed in that study. 25 Our group was not able to demonstrate any significant differences between duodenumpreserving resection of the head of the pancreas and the combined drainage and local excision (Frey) regarding quality of life, pain control, exocrine and endocrine pancreatic function, and control of complications arising from adjacent organs in a short-term study. 12 In another trial, we, however, found superior results regarding morbidity and quality of life for patients undergoing LE when compared with PPPD. 33 There has been 1 recent report about results of a nonrandomized trial comparing classic Whipple (n ϭ 30) versus duodenum-preserving resection of the pancreatic head according to Beger (n ϭ 35), with a follow-up of 18 to 24 months postoperatively. 34 The authors described better quality-of-life scores and less incidence of diabetes mellitus after the duodenum-preserving resection of the pancreatic head. This study, however, has a major drawback (nonrandomized; therefore susceptible to bias), and the follow-up is not long enough to draw any final conclusion.
After completing the long-term follow-up of our patients after pancreatic-head resection measured with reliable and valid scores, this is the first report on quality of life and pain after a meaningful time interval of 8.5 years, based on a randomized trial following surgical treatment of chronic pancreatitis.
Interestingly, no significant differences were detected in surviving patients over 8 years postoperatively. The initial impression that lesser resection and therefore sparing of undiseased organ would be of some benefit for the patient was not confirmed in this long-term follow-up. However, and maybe most important, both the functional scale and the symptom scale reflected improved quality of life in both groups compared with early postoperative levels. The same holds true for the pain score, with almost identical low values, as reported previously. 33 In previous studies, continued alcohol abuse correlated with persisting pain after surgery. [35] [36] [37] [38] Other groups presented data about the relation of pain and continuous alcohol consumption in the natural course of pancreatitis. 22, 39 In our study population, no relation between continuous drinking and pain course was established ( Table 9 ). The differing results might be explained by the fact that in the studies mentioned, the operative procedures were primarily drainage procedures. In addition, continuous alcohol consumption and "pain relief" were not precisely defined. Both procedures were equally effective in controlling symptoms arising from adjacent organs, even though the only 3 patients who underwent a reintervention were patients in the Beger group. Whether this is a true difference can only be speculated since the study population might have been too small to detect a significant difference. This is the longest available follow-up of a randomized trial comparing 2 organ-preserving procedures in patients suffering from chronic pancreatitis. The results show no difference between both surgical alternatives regarding quality of life and pain relief. Although one might speculate that a larger multi-institutional study could eventually demonstrate significant differences, we believe that these potential differences are too marginal to gain clinical impact.
The reported results after duodenum-preserving resection of the pancreatic head according to Beger can almost be superimposed on the results of the largest series of long-term followed patients after DPHR. Beger et al, 40 in a nonrandomized study, reported on 303 patients undergoing duodenumpreserving pancreatic-head resection for chronic pancreatitis, with a mean follow-up of 5.7 years. Late mortality was 12.6%, redo operations related to pancreatic problems were necessary in 3.3%, and 61% of patients were found to have either pathologic glucose tolerance testing or manifested diabetes mellitus. Seventy-two percent were put on enzyme supplementation, but no data were given regarding pancreatic exocrine functional tests.
In our study population, there was no relation between pain and exocrine or endocrine insufficiency (Tables 7 and 8 ). Although we found a considerable amount of exocrine and endocrine insufficiency in our patients, the reported quality of life was good, irrespective of pancreatic insufficiency. This underlines the impact of chronic pain on the patients' quality of life. It also hints towards the effectiveness of both procedures in addressing the pancreatic head as the main factor in the development of pain. It also underlines the fact that the development of pancreatic insufficiency probably develops independent of the surgical procedure 41 and seems to be related to the chronic feature of the disease.
It is not legitimate to statistically compare our study populations with study populations that have been reported elsewhere. We can, therefore, only assume an overall late mortality rate of around 30% (28.8%-35%) and a pancreatitis-related death rate of around 15% (12.8%-19.8%) in patients with chronic pancreatitis without surgical intervention during a similar follow-up period. 21, 22, 39, 42 This leaves around 15% of patients dying of pancreatitis-unrelated causes, which parallels the mortality rate in our study population. Even though we do not have information about the cause of death in 6 patients, all other patients died of causes that were unrelated to chronic pancreatitis. Therefore, one might conclude that either complete resection of the pancreatic head (Beger) or limited excision (Frey) results in a very low pancreas-related death rate since it controls the disease effectively after long-term follow-up.
In conclusion, both the standard duodenum-preserving resection of the pancreatic head (Beger) and the limited pancreatic-head excision with extended drainage (Frey) ensure comparable quality of life and pain control after longterm follow-up. These surgical procedures were equally effective in controlling symptoms arising from adjacent organs and have an acceptably low mortality rate. Since both procedures are equally effective, future operations will be tailored to the patient's individual needs using a combination and or modification of the 2 procedures, only as long as the pancreatic head is addressed. 43, 44 With the available data and precise instruments allowing the measurement of quality of life and pain, a comparison between patients undergoing effective surgical treatment and conservative and endoscopic alternatives will become possible and necessary.
